INTRODUCTION
Innovations in information technology, biotechnology, and materials science and engineering are considered to be the major driving forces that have been instrumental in catalyzing the emergence of a new industrial paradigm. In the materials industry, it is the knowledge inputs, as opposed to inputs of materials and energy that drive the creation of new and advanced materials to meet the specific demands in leading a better quality of life. Preexisting materials have either been adapted or changed (e.g., alloys) to meet the emerging requirements. New materials are critically important to the industry in energy savings, pollution control, safe packaging, etc., or to the human beings in improving their quality of life. Materials science research today has become one of the major driving forces for global competitiveness in this modern world. All of the major countries are investing heavily in R and D, with the hope to generate new industrial opportunities. Over the years, India has also invested in a major way in R and D in materials science. It has since undertaken major research programs in materials science involving a large number of academic and research bodies including institutes of national importance, research institutes, universities and colleges, engineering colleges, etc. India has entered into collaboration with many of the leading organizations from developed countries in many of its sponsored programs. Many of such collaborative programs in materials science are being funded and monitored by major scientific agencies in the country such as Department of Science and Technology, Council of Scientific and Industrial Research, Defense Research and Development Organization, Department of Scientific and Industrial Research, University Grants Commission (UGC), etc. Among developing countries, India has an edge in R and D in materials science in terms of a number of research organizations, research facilities, and the number of researchers. [1] 
Literature Review
At the international level, Adam and Pendlebury [2] examined the changing landscape of materials science, by focusing on the origin and nature of materials science, reviewed its growth globally, and identified the key players in terms of publications output in the materials science research. It selectively looks at some of its hot topics, such as graphene, metal-organic frameworks, and nanofibrous scaffolds used for tissue engineering. Surwas et al. [3] also examined world literature in materials science during 2006-2010, in terms of publication output and citations. It particularly focuses on the growth of publications and citations, continent-wise distribution of publications and citations, country-wise distribution of publications, domain-wise distribution of publications and citations, extent of international collaboration, identification of highly cited publications and highly preferred journals, etc.
At the national level, few scientometric studies on India's materials science research have been undertaken in the past. Among such studies, Gupta et al. [4] examined Indian materials science publications, as indexed in Scopus database during 2001-2010. They focused on several parameters such as publication growth and rank, country-wise contribution, material-wise contribution, share of international collaborative linkages and leading collaborating countries, the most productive Indian institutions and authors, and characteristics of highly cited papers. Kademani et al. [5] made a scientometric assessment of 14,849 Indian publications in materials science during 1999-2008, with a focus on metrics such as the growth of publications and citations, relative growth rate and doubling time, domain-wise distribution of publications and citations, national and international collaboration, highly productive institutions, highly productive authors, highly preferred journals, and highly cited publications. Walke et al. [6] made a quantitative assessment of Indian Materials Science output (9545 papers) during 1993-2001 and assessed publication size and growth, media of communication, strength and weakness in the areas of research, research quality, nature of collaboration, and institutional productivity. Mohan et al. [1] examined 2587 international collaborative publications in India's materials science research published during 1995-1999. They indicated that materials science research in India is a very broad one and covers most of the important sub-areas. Most of the work involved bilateral research rather than multilateral collaboration. The top collaborating countries were the USA, Germany, France, UK, and Japan. The top 10 Indian institutions contributed 50% of the collaborative publications. The major areas of collaboration were theoretical studies, metals and alloys, electronic materials, and superconducting materials. Among the analysis of highly cited publications, Yuh-Shan [7] identified and analyzed the characteristics of the 14,044 highly cited articles in global materials science research during 1900-2010. These highly cited publications were assessed regarding their distribution in the indexed journals. The citation lives of the highly cited articles depending on citations in the publication year, recent years, and years after publication were applied for the impact of articles. A new indicator, the major contributor index (MCI), was applied to assess publication quality and the characteristics of contribution to articles.
METHODOLOGY
The study derived highly cited articles data from the Scopus, an international multidisciplinary bibliographical and citation database on 28 November 2014 and covered the period from 2003 to 2012. A highly cited article (TC2014 ≥100) was defined, as an article registering at least 100 citations since its publication up to 29 November 2014. In total, 396 India's highly cited articles in materials science (2.59% of the world output of 15,274 articles) received at least 100 citations since publication. The impact factor (IF) of a journal was based on the Journal Citation Report 2013.
The study organized publication and citation data into groups such as: (i) First author publications (FP), (ii) corresponding author publications (RP), (iii) the number of citations since publication to 2014 is referred as C2014, (iv) citations received in the year of publications (C0), (v) citations in the first year after publication (C1), (vi) the number of citations received in the year 2014 is referred as C2014, (vii) national and international collaborative publications, (viii) most productive journals, etc.
The data were analyzed to assess the quantum of research under various groups, its global share, research quality, life cycle of research publications, contributions of different types of Indian authors, and organizations in materials science. Indian organizations have been classified into groups such as: (i) Institutes of national importance, (ii) research institutes, (iii) universities, (iv) colleges, (v) engineering colleges, (vi) medical and allied colleges, (vii) industrial enterprises, and (viii) nonprofit institutions.
The collaboration type was determined by the addresses of the authors. An article could be either a single-country article, in which all authors' addresses were from the same country, or bilateral or multilateral international collaborative article, which was co-authored by researchers from two or more countries.
In a single-author article where authorship is unspecified, the single author is both the first author and corresponding author. Similarly, in a singly institutional article, the institution is classified as the first author institution and the corresponding author institution. In addition, only the first affiliation of corresponding author was considered when the author had multiple affiliations.
At the individual level, a nonalphabetical name order sends a clear signal to the market that the author who is listed first actually contributed more. The first author is the person who contributed most to the work and writing of the article. [8] The corresponding author is perceived as the author contributing significantly to the article independent of the author position. [9] The corresponding author supervised the planning and execution of the study and the writing of the paper. [10] It is generally assumed that the first author and the corresponding author played significant roles and they are the major contributors in producing a research paper. Thus, in this research, a newly developed indicator as suggested by Chuang and Ho, [11] the MCI, was used to assess the extent a researcher or an institution contributed to publishing an article. The MCI is calculated as the sum of first-author articles and corresponding articles divided by two times the total number of articles. It implies the percentage of instances one takes on the leadership role (first author or corresponding author) out of the total possible available opportunities. The equation is:
Where FP is the number of first-author articles, RP is the number of corresponding author articles, and TP is the number of total articles. When MCI = 0, there is no first-or corresponding-author article. When MCI = 1, all articles are either first-or corresponding-author articles. MCI has two implications. First, it probably indicates a higher capability or productivity in conducting independent research. Second, it could, as well, indicate a more prominent role in collaborations. On the contrary, a low MCI is probably a sign of heavy reliance on collaboration, as well as relying on others to provide a leadership role in conducting research. [11] 
OBJECTIVES
Citations are assumed to be a reflection of research articles use and impact. The main objective of this publication is to examine the characteristics of highly cited Indian publications in materials science published during the 10 years between 2003 and 2012. The study, in particular, will assess: (i) The annual distribution of Indian contribution, its research quality and its global share, (ii) the contribution made by authors and organizations from different types of Indian organizations, (iii) institutional participation measured in terms of single institution publications and collaborating institution publications; (iv) nature of international collaboration (bilateral or multilateral), and (v) media for communication of publications and characteristics of top 15 publications.
ANALYSIS, DISCUSSION AND RESULTS
As per data sourced from SCOPUS database, the world output of all highly cited publications in materials science published during 2003-2012, and cited at least 100 times since publication, stood at 15,274 papers. India published 396 highly cited papers during this period. Its global publication share of highly cited papers in materials science averaged at 2.59%. India was ranked at tenth position among the top 15 world countries on its global publication share of highly cited papers. The USA topped in this ranking; its global publication share averaged at 39.8% relative to India's 2.59% share of highly cited papers.
India was ranked as the 8 th most productive country in the world on the basis of its total national output in materials science publications (75,540 papers including even highly cited papers). China topped in this ranking. Its total national output in materials science publications was 367,338 papers relative to India's 75,540 papers during 2003-2012.
India was ranked as the third least productive country in the world on the basis of its national publication share of highly cited papers (0.52%) in the total publication output of the country in materials science during 2003-2012. China was ranked as the fourth least productive country in the world on this ranking. Its national publication share was 0.63% relative to India's 0.52% share. The top five nations that topped in this ranking are the USA, Australia, UK, Canada, and Germany. Their national publication share of highly cited papers in the country output in materials science publications varied in the range 1.18-2.05% [ Table 1 and Figure 1 ].
Both India and the world witnessed a negative growth rate in the annual output of highly cited papers during 2003-2012. India averaged the growth rate of 23.33% (annual output dropping from 57 in 2003 to 4 in 2012) compared to 18.29% in the annual output of the world. The whole world annual output dropped from 2200 to 292 highly cited papers during the corresponding years. India's world share of highly cited papers in 10 years averaged to 2.59%. The citations per paper in respect of highly cited papers by India in materials science is wide varying between 100 and 1033 citations per paper with an average of 173.40 citations per paper. Of the total 396 publications, 11 received 100 citations each in 10 years [ Table 2 ].
The citation window for citation count of highly cited papers in this study was not fixed. The citation count was done on total citation counts since paper publication till November 2015. Citation count of highly cited papers was, therefore, time-dependent varying from 1 to 12 citation per year (2003 to November 2014).
To enable comparative citation performance of highly cited papers on an annual basis, differences in citation window periods were normalized, and citation impact calculated on citation density indicator. Citation density measures citations per paper per citation window-year (i.e., the number of citations/year since paper publication) [ Table 2 and Figure 2 ]. [12] Citations since publication were counted till November 2014. Even as the annual output of highly cited papers has shown negative growth, their citation density per paper per citation window-year has shown a consistent increase. Compared to citations per paper, citation density data reveal a clearer and better picture of the citation impact of highly cited papers published by India in materials science. It reveals that India made significant gains in terms of visibility and citation impact of highly cited papers in materials science published during 2003-2012 [ Figure 2 ].
Of all the 396 highly cited Indian publications, 313 (79.04%) appeared as articles, 69 (17.42%) as reviews, and 14 (3.54%) as conference papers. As expected, reviews registered the highest citation impact per paper (244.93), followed by articles (159.59) and conference papers (129.64). Except one, all other conference papers were later published in journals [ Table 3 ].
Citation distribution of highly cited papers is much skewed. Very few highly cited papers (0.25%) relatively received high-end citations (1000-1033) and accounted for 1.43% share of the total 68,668 citations received during 2003-2014. Nearly 4.3% of papers received citations in the citation frequency range (400-999) and accounted for 10.81% citations share. The bulk of highly cited papers (79%) received citations in the frequency range (100-199) and accounted for a substantial citation share of 61.6%. Nearly 17% of papers received citations in the frequency range (200-399) and accounted for 24.65% of citations share [ Table 4 , Figures 3 and 4 ].
Contribution of Authors
In all, there were 1214 authors to 396 highly cited Indian publications in materials science. Of these, 820 were Indian authors and 394 were foreign authors. Amongst Of the 820 Indian authors of highly cited papers, 85% belonged to major leading organizations in the country.
In particular, 357 authors were affiliated to research institutions, 200 to institutes of national importance, and 145 to universities. The remaining 15% of authors belonged to relatively lesser known smaller organizations. Of these, 51 authors belonged to engineering colleges, 15 to medical colleges, 29 to colleges, 20 to industrial enterprises, and 3 to nonprofit organizations. This sort of distribution implies that excellence in materials science research has started emerging as well from smaller institutions that currently lie outside the research space occupied and dominated traditionally by high-end research institutions and universities in the country.
The authorship per paper varied widely from 1 to 30 authors. The average number of authors per paper was seen as 3.95 and the largest number of authors per paper was 30 [ Table 5 and Figure 4 ].
The study discovers the inverse relationship between "number of authors per paper" and "productivity of highly cited papers" (Pearson's r = −0.589). As the authors per paper go up in numbers, the productivity of highly cited papers witnesses a corresponding decline. For instance, the authorship by 1-5 authors per paper published 84% highly cited papers in materials science. In contrast, the authorship by 10-30 authors per paper published merely 2% highly cited papers. Table 5 and Figure 4 , respectively, provide comparative data and graphics on publication productivity, citations received per paper vis-à-vis number of authors per paper.
Indian authors contributed highly cited papers in the frequency range from 1 in 10 years to 20 papers in 10 years. Of the 820 Indian authors, 720 were least productive ones; each author contributed one publication each in 10 years; 67 authors contributed two publications each; 16 authors contributed three publications each; 5 authors contributed four publications each. In another set of 5 authors, each author contributed five publications each. In a set of 3 authors, each author contributed six publications each. Of the 820 authors, only 4 were seen as prolific ones. Of these, 1 author contributed 8 publications in 10 years, 2 had contributed 9 publications each, and another 1 author had contributed 20 publications. Table 6 presents a list of top 33 authors each having contributed at least 3 highly cited publications. The list is arranged by the decreasing number of highly cited papers contributed, the author with the highest number of papers on the top. In addition, each entry lists total contribution, the number of papers as the first author and/or corresponding author papers during 2003-2012. Upon studying and analyzing citation performance of these 33 authors, it was found that the 2 authors, namely B. 
Contribution of Organizations
In Table 7 ].
The performance of the Indian organizations measured in terms of MCI also confirms that research institutes contributed the largest share. They registered the highest MCI value (0.71) with first rank in the number of highly cited publications, followed by institute of national importance (MCI = 66, publication rank = 2), medical and allied colleges (MCI = 0.63, publication rank = 7), universities (MCI = 0.63, publication rank = 4), colleges (MCI = 0.47, publication rank = 5), engineering colleges (MCI = 0.35, publication rank = 4), and industrial enterprises (MCI = 0.18, publication rank = 6). If MCI is > 0.500, it is indicative of the higher capability of an institution to conduct research independently or contribute to research productivity significantly. It also indicates a more prominent role of the institution in research collaboration. On the contrary, if the MCI is low, it is a sign of heavy reliance on others to play a leadership role in conducting research or in research collaboration. Table 8 Of the 163 Indian participating organizations, 50 were research institutions from the S and T sector. They accounted for the largest share of participation 30.67%, Table 9 and Figure 6 ]. It was also observed that there is no systemic increase or decrease in terms of average citations per paper, as the number of organizations per paper increases.
Single Organization Versus Multiple Organizations in Highly Cited Papers
All the 396 highly cited publications in materials science research were classified into the following three categories: (i) Publications wherein only single Indian organization had participated (178 publications); (ii) publications wherein 2 or more Indian organizations had participated (labeled as national collaborative publications, 83 publications); and (iii) publications wherein 2 or more Indian and foreign organizations had participated (labeled as international collaborative publications, 135 publications) [ Table 10 ].
Further, it was seen that internationally collaborative publications averaged higher citations per publication (191.17) compared to national collaborative publications (168.71) or single institution publications (162.12) [ Table 10 ].
Single Organization Publications
In total, of the 178 papers, each had seen the participation only one organization in their publication. Their share in highly cited publications in materials science was 44.95%. Seventy-four unique Indian organizations had participated in these 178 publications. Of these, 9 were institutes of national importance (with 53 publications), 27 were research institutes (with 79 publications), 24 were universities (with 32 publications), 8 were engineering colleges (with 8 publications), 4 were colleges (with 5 publications), 1 was medical and allied college (with 1 publication), and 1 was industrial enterprise (with 1 publication).
IISc-Bangalore contributed to the largest number of publications (18), followed by NCL-Pune (13 publications), IICT-Hyderabad (12 publications), IIT-Madras (8 publications), JNCASR-Bangalore (6 publications), IIT-Delhi and IIT-Guwhati (5 publications each), NIIST-Thiruvanthapuram (5 publications), IIT-Kanpur, CIRCT-Mumbai, and Annamalai University (4 publications In terms of the number of authors per publication, 12 publications had authorship by 1 author each, 66 publications had 2 authors each, followed by 45 publications with 3 authors each, 33 publications had 4 authors each, 13 publications had 5 authors each, 5 publications had 6 authors each, 2 publications had 7 authors each, and 1 publication each had 8 and 9 authors. The average number of authors per publication was 3.02.
Multiple Organizations Publications -National Collaboration
In all, there were 83 nationally collaborative publications and each had the participation of two or more Indian organizations. Their share of highly cited publications in materials science was 20.96%. In these 83 publications, 9 institutes of national importance had participated in 40 publications, 34 research institutes in 50 publications, 21 universities in 25 publications, 17 engineering colleges in 21 publications, 10 colleges in 7 publications, 5 medical and allied colleges in 4 publications, 5 industrial enterprises in 4 publications, and 1 nonprofit organization in 1 publication.
IISc-Bangalore had participated in the largest number of publications (20) in this category, followed by JNCASR-Bangalore (14 publications), IIT-Roorkee (10 publications), NCL-Pune (7 publications), C-MET-Pune (6 publications), Maulana Azad NIT-Bhopal (5 publications), IT-BHU (4 publications), IIT-Madras and NIIST-Thiruvanathapuram (3 publications each), etc.
In terms of organizations per publication, 70 publications had the participation of 2 organizations each, 10 publications had 3 organizations each, and another 3 publications had 4 organizations each. The average number of organizations per paper was 2.19.
In terms of distribution of authors, 28 publications had participation of 4 authors each, followed by 21 publications with 3 authors each, 15 publications with 2 authors each, 7 publications each with 5 and 6 authors, and 5 publications with 7 authors. The average number of authors per publication was 3.82.
Of the 83 national collaborative publications, 40 were those publications wherein authorship was specified both as the first author and corresponding author, 43 publications had specified authorship as the first author, and another 43 publications specified authorship as the corresponding author. Table 11 illustrates collaborative linkages of various Indian organizations. The institutes of national importance received the largest number of collaborative linkages (29), followed by research institutes (27), universities (14) , engineering colleges (11), industrial enterprises (5), medical colleges (5), etc.
Multiple Organizations Publications -International Collaboration
In all, there were 135 internationally collaborative publications. Each had the participation of two or more Indian and foreign organizations. These 135 papers accounted for 34.09% total share of highly cited publications in materials science. These 135 international collaborative publications were the outcome of nearly 10 institutes of national importance that participated in 42 publications, 27 research institutes in 55 publications, 22 universities in 36 publications, 6 colleges in 7 publications, 4 engineering colleges in 5 publications, 4 industrial enterprises in 5 publications, 2 medical and allied colleges in 3 publications, and 2 nonprofit organizations in two publications.
IISc-Bangalore participated in the largest number of publications (12), followed by IIT-Delhi and NCL-Pune (7 publications each), IIT-Bombay, Anna University (6 publications each), IIT-Kharagpur and JNCASR-Bangalore (5 publications each), IIT-Kanpur, NIIST-T hir uvanathapuram and IACS-Kolkata (4 publications each), etc.
In terms of organizations per publication, it was found that 2 organizations each had participated in 67 publications, 3 organizations each participated in 31 publications, 5 organizations each participated in 9 publications, 6 organizations each participated in 3 publications, 2 publications each 7 organizations, 10 organizations each participated in 2 publications, and 11 organizations participated in 1 publication, and 20 organizations participated in 1 publication. The average number of organizations per publication was 3.06.
In terms of the number of authors per publication, 29 publications each had 4 authors, 26 publications each 3 authors, 16 publications each 2 and 6 authors, 8 publications each 7 authors, 4 publications each 8 authors, 3 publications each with 9, 10, and 11 authors, 2 publications each 12 authors, and 1 publication each with 15, 16, 19 , and 30 authors. The average number of authors per publication was 5.30.
Of the 135 international collaborative publications, 104 had bilateral collaboration (involving 1 organization from at least India and one country abroad) and 31 had multilateral collaboration (involving organizations from India and more than one country abroad).
Of the 31 multilateral collaborative publications, 22 had participation from 3 foreign countries, 5 publications had from 4 countries, 4 publications had from 5 countries, and 1 publication each had participation from 7 and 9 countries.
In all, collaborating organizations and collaborating authors belonging to 30 countries had participated in these 135 highly cited materials science publications. The USA participated in the largest number of collaborative publications (49), followed by Japan (27), Germany (23), South Korea (12), France (9), UK (6), Australia and Belgium (5 each), Italy, Hong Kong, China, Singapore and Sweden (4 each), Canada, the Netherlands, South Africa and Spain (2 each), and Brazil, Finland, Poland, Portugal, Taiwan, Turkey, Ghana, Malaysia, Mexico, Russia, New Zealand, Switzerland, and Austria (1 each).
In bilateral cooperation, the USA collaborated in the largest number of publications (31), followed by Japan (18), Germany (13), UK (5), Australia and Belgium (4 each), Sweden (3), France and Hong Kong (2 each), and 13 countries (1 each).
In multilateral collaboration, the USA participated in the largest number of collaborative publications (18), followed by Germany (10), France (7), China, Italy, Singapore, Switzerland and South Korea (3 each), and Hong Kong and Russia.
In these 135 international collaborative publications, 70 authors contributed both as the first author and corresponding author, 64 participated as a first author only, and 66 participated as the corresponding author. Besides, 28 foreign authors participated both as the first author and corresponding author, 34 as a first author only, and 28 as the corresponding author only. From India, 28 authors participated both as the first author and corresponding author, 34 as the first author, and 28 as the corresponding author only. The relative contribution of various foreign countries in terms of first author and corresponding author publications are shown in Table 12 .
In all, 394 foreign authors representing 106 foreign institutions contributed in the publication of 135 internationally collaborative papers. The list of foreign institutions that contributed to more than 2 highly cited publications in materials science research is shown in Table 13 . National Institute of Material Science, Tsukuba, contributed to the largest number of publications (7) 
Country
Name of organization (number of publications) Japan National Institute of Material Science, Tsukuba (7) Kyoto Institute of Technology (2) Tohoku University (2) Tokyo Institute of Technology (2) Belgium Catholic University of Leuven (5) UK Cambridge University (4)
Effect of Time on Citations
The citation of an article usually follows a time course, as citations to a particular paper vary with time. The lifespan of an article demonstrates its influence on scientific research. The citation rank of an article (achieved highest in a year) was studied annually for the top-cited articles in materials science. citation peaks were reached in 5-10 years (to be precise, 1 paper reached its citation peak in 5 years, 2 papers in 7 years, 3 papers in 9 years, and 1 paper in 10 years) and then citations followed a decreasing trend.
On the contrary, articles published in 2008-2012 had the higher citation start in the publication year (0-24 citations, but mostly 7-24 citations) and then followed rapid increasing trend and reached citation peak in 4-6 years (2 papers in 4 years, 2 papers in 5 years, and 3 papers in 6 years) and then followed rapid decreasing trend. Overall, articles published in later years had a more rapid increase in citation numbers, needed relatively fewer years to reach their citation peak, but after reaching their citation peak had a rapid drop in citation numbers. If such a trend continues in future, it is expected that top-cited articles will follow even steeper citation increase and reach their citation peaks faster within a shorter time, but will also follow more rapid decline. V. Thomas, and C.D. Lokhande (6 papers each). The leading international collaborative countries were the USA (49 papers), Japan (27 papers), Germany (23 papers), South Korea (12 papers), and France (9 papers). MCI varied among leading institutions, as well as among individual authors.
SUMMARY AND CONCLUSION
High-quality research in materials science in India is fast declining. This is evident from the fact that the publication output of highly cited papers has witnessed a negative publication growth at -23.33% per annum in contrast to a negative growth rate of 18.29% by the world during 2003-2012. The negative growth rate of highly cited papers by India and the world is a matter of grave concern.
Citation density data reveal that citation visibility and the impact of highly cited Indian papers in materials science are gradually increasing over time. It increased from 16.4 citations in 2003 to 33.9 in 2011 and was the highest with 57.4 citations in 2012. Citation density measures citations per paper per citation window-year (no of citations/year since paper publication).
Two distinct patterns are observed with respect to citation life cycles of highly cited papers that India had published in materials science. Articles published in later years had a more rapid increase in citation numbers and needed relatively fewer years to reach their citation peak, but after reaching their citation peak, they follow a path of rapid fall in their citation numbers. If such a trend is to continue in future, it is expected that high-percentile articles will follow even steeper citation increase and reach their citation peaks faster within a shorter time since publication, but thereafter will see a more rapid fall in their citation numbers.
Nearly 16% of Indian authors featured as corresponding authors, 22% as first author articles, and 18% as both first author and corresponding authors. Nearly 9.64% of foreign authors featured as corresponding authors, 7.61% as first authors, and 10.66% as both first author and corresponding author of articles.
The USA dominates the global leadership in materials science with its world publication share of 39.8%, followed by China (15.1%), Germany (9.7%), Japan (8.0%), the UK (7.1%), France (5.1%), and South Korea (4.9%). India lags behind world trend in research productivity materials science research. Its global publication share is stagnating at 2.59%. If India is to emerge, as one of the top global leaders in materials science, it must seek to accelerate its publication growth in materials science research significantly and couple this trend with a large number of high-percentile citation papers. Till 2014, India could publish merely 8% (32) of its output in the top citation range (300-1300).
International collaboration seems to be the key to generate highly cited papers in materials science. This approach is an indispensable requirement to produce highly cited papers. This study observes that internationally collaborated papers averaged higher citation rate per paper (191.17) relative to nationally collaborated papers (168.71).
India has enough scope to engage in international collaboration efforts when as many as 55% of its highly cited papers out of 396 are made exclusively with Indian authorship either through national collaboration mode or single-institution participation mode. Internationally, collaborated papers are still in the minority. For promoting international collaboration in the country, India must take initiatives to reinforce its efforts for a meaningful dialog seeking collaboration with top global leaders in materials science research such as the USA. Thus far, the USA has remained the leading partner for international collaboration with India. Quest for excellence must be international.
High-quality materials science research within India is still confined to select few top-end organizations/institutions belonging to research sector and higher education sector in the country. Though their performance rating in terms of MCI is relatively higher, a gradual decline in materials science research is indicative of their changing research priorities or of growing dearth of high-profile, productive scientists or of scientific institutions in the country. The challenge before the top science leadership in country is how to bridge such a capability building gap in materials science research.
